Objective: We aimed to observe the changes in subjective sleep quality among insomniacs and non-insomniacs after acute ascending to 3,700 m and its possible relationship with acute mountain sickness (AMS). Methods: A total of 600 adult men were recruited. Subjects' subjective sleep quality was evaluated by the Athens Insomnia Scale. AMS was assessed using the Lake Louise scoring system. Arterial oxygen saturation was measured. Results: Despite insomnia resolution in only a few subjects, the prevalence of insomnia among insomniacs remained stable at 90% after rapid ascent to 3,700 m. However, among noninsomniacs, the prevalence of insomnia sharply increased to 32.13% in the first day of altitude exposure and progressively reduced to 4.26% by the 60th day of altitude stay. Moreover, the prevalences of insomnia symptoms decreased more markedly from day 1 to day 60 at 3,700 m among non-insomniacs than among insomniacs. At 3,700 m, the prevalence of AMS among insomniacs was 79.01%, 60.49%, and 32.10% on the first, third, and seventh days, respectively, which was significantly higher than that among non-insomniacs. Multivariate regression revealed that elevated Athens Insomnia Scale scores are an independent risk factor for AMS (adjusted odds ratio 1.388, 95% confidence interval: 1.314-1.464, P0.001), whereas high arterial oxygen saturation and long duration of altitude exposure are protective factors against AMS. Conclusion: Our results suggest that the effect of high-altitude exposure on subjective sleep quality is more marked, but disappears more quickly, among non-insomniacs than among insomniacs, whereas AMS is especially common among insomniacs. Moreover, poor subjective sleep quality is a risk factor for AMS.
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Introduction
Subjective sleep complaints are very frequent among adolescents 1 and adults 2 in modern society, as well as among people exposed to high altitude. 3 Thus, subjective insomnia is one of the primary components in the Lake Louise scoring system, which is a well-known list of diagnostic criteria for acute mountain sickness (AMS). 4 AMS is a common syndrome that occurs in people, especially lowlanders, who are suddenly exposed to altitudes above 2,500 m. 5 This syndrome is distinguished by headache, dizziness/lightheadedness, insomnia, gastrointestinal distress (nausea or vomiting), and weakness/fatigue. 4 Although benign and self-limited, AMS may progress to a fatal outcome (fatal high-altitude pulmonary or cerebral edema) in a small number of people. 6 As one important item of the Lake Louise diagnostic criteria for AMS, subjective insomnia is coded in accordance with one of four grades (0= slept as well submit your manuscript | www.dovepress.com
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Tang et al as usual, 1= did not sleep as well as usual, 2= woke up many times/had a poor night's sleep, or 3= could not sleep at all). 4 At high altitudes, the sleep quality of the subjects cannot be adequately assessed by the Lake Louise diagnostic criteria for AMS alone. Among the Lake Louise diagnostic criteria for AMS, subjective insomnia is the second most 7 or even the most 8 common symptom. However, there are only a few studies on the effects of high-altitude exposure on sleep, all of which used small sample sizes and polysomnography. [9] [10] [11] As such, no large-scale investigations of subjective sleep problems in insomniacs after altitude exposure using standardized scales have been published.
It is well known that exposure to high altitudes may negatively impact sleep quality. However, there is no published research reporting the different changes in subjective sleep quality among insomniacs and non-insomniacs after acute high-altitude exposure and the relationship between subjective sleep quality and AMS. Given the high stability of insomnia, 12 we hypothesized that sleep quality would more markedly decrease among non-insomniacs than among insomniacs upon acute altitude exposure, and that poor sleep quality would correlate with AMS. Therefore, the aims of this study were to observe the changes in subjective sleep quality among insomniacs and non-insomniacs after acute ascending to 3,700 m and its possible relationship with AMS.
Methods
subjects and design
In our study, all participants were lowlanders, and individuals with cardiopulmonary disease and those currently using some medications (eg, vitamin supplements, cold medicines, hypnotics, or herbal remedies) were excluded. Prior to the study, written informed consent, approved by the Ethics Review Board of the Xinqiao Hospital, Chongqing, People's Republic of China (decision number: 2012015), was obtained from each participant. The study protocol was registered with the Chinese Clinical Trial Registry (number ChiCTR-RCS-12002232). Additionally, our study conformed to the principles outlined in the Declaration of Helsinki.
This study was conducted at 500 m (Chengdu, Sichuan Province) and 3,700 m (Lhasa, Tibet) from June 8 through August 25, 2012. The temperature ranged from 15°C to 28°C in the camp during the day. About 7 days before ascent, all participants underwent a systematic survey and a routine physical examination (chest X-ray, electrocardiogram, echocardiogram, blood pressure, heart rate [HR], and arterial oxygen saturation [SaO 2 ]). Additionally, the participants' subjective sleep habits were assessed using the Athens Insomnia Scale (AIS). 13 The demographic characteristics (eg, age, race, education, drinking and smoking habits) of the participants were recorded in the questionnaire. All participants ascended from 500 m to 3,700 m by air in 2 hours; because of the limited logistics support, they did so in groups, with a 1-day interval between ascensions. After ascending to 3,700 m, the participants completed the AIS questionnaire on the second, fourth, eighth, 15th, and 61st mornings, and the participants completed the Lake Louise AMS questionnaire on the second, fourth, and eighth mornings, and their HR and SaO 2 were measured. All participants had the same daily regimen and refrained from vigorous exercises during the first 7 days of altitude exposure. All participants were given the same diet in the camp, and tea, coffee, and alcohol were forbidden. After 7 days' acclimatization at 3,700 m, the participants started to work as usual.
sleep quality assessment
Because our field study had a large sample size and a short period of time for completion, we selected the concise AIS for the assessment of subjective sleep quality. The AIS has proven excellent reliability and validity, 13 and is both quick and easy to administer. Thus, the AIS is considered an excellent tool in both clinical and study settings. 14 The AIS questionnaire is composed of eight items: 13 1) difficulty in sleep induction; 2) arousal during the night; 3) awakening in the early morning; 4) total sleep duration; 5) total sleep quality; 6) decreased sense of well-being in the daytime; 7) decreased functioning in the daytime; and 8) daytime sleepiness. All items are rated on a 4-point Likert scale, from 0 (no problem) to 3 (very severe problem). The AIS is intended to record subjective sleep problems of the subjects that occurred  three times/week during the preceding month. A higher AIS score (AISS) indicates poorer sleep quality, and insomnia has been defined as subjects with an AISS 6. 15 Consequently, the participants were divided into an insomnia group and a non-insomnia group using the plain AIS results.
aMs assessment
In our study, on the first, third, and seventh days of high-altitude stay, in the mornings, all participants completed the Lake Louise AMS questionnaire, 4 which contains the following five items: headache, dizziness/lightheadedness, insomnia, gastrointestinal distress, and fatigue/weakness. All items are rated on a 4-point Likert scale, from 0 (no symptoms) to 3 (severe symptoms). AMS was diagnosed when the subjects suffered from a headache and at least one of the other symptoms and had a total Lake Louise score (LLS) 3. 
Physiological parameters
After the participants completed the Lake Louise AMS questionnaire and had a 15-minute rest in a comfortable chair, their blood pressure, HR, and SaO 2 values were measured. Their HR and SaO 2 were measured using a finger-pulse oximeter (Onyx ® 9500; Nonin Medical, Inc., Plymouth, MN, USA). All subjects put their hands into their pants pockets to sufficiently pre-warm the fingers before the measurements. Three consecutive measurements were taken for all parameters, with the mean of the three measurements used in the analysis.
statistical analyses
The results are shown as the means ± standard deviations or n (%), as appropriate, and were obtained using SPSS software (v 13.0; SPSS Inc., Chicago, IL, USA). All tests were twotailed, and P0.05 was considered significant. Mean values were compared using Student's t-test. To assess frequencies, the chi-squared test was used. The Mann-Whitney U test was used to compare the non-normally distributed data. An analysis of variance for two-way repeated measures was used to determine the changes in HR and SaO 2 . Tukey's post hoc test was used for group comparisons. Relationships between LLS and age, body mass index, and other variables were determined using the Spearman rank test. Before the multivariate analysis, odds ratios with 95% confidence intervals were determined using logistic regression for the associations between AMS and risk factors. After univariate analysis, factors with P-values 0.10 were entered into multivariate logistic regression analysis. The backward stepwise likelihood ratio test was used to determine the independent factors associated with AMS.
Results subjects
Before ascending, 625 participants completed the questionnaires and physical examination. Seven Tibetans were excluded because the sample size for this group was too small, and 18 other subjects were excluded for cardiac disease, medication use, and other reasons (eg, incomplete data, would not wish to join the study, etc). Table 1 shows the comparison of demographic characteristics of the insomnia and non-insomnia groups. At 3,700 m, data from 589 (insomnia group: 103 subjects), 567 (insomnia group: 99 subjects), 550 (insomnia group: 97 subjects), 450 (insomnia group: 89 subjects), and 386 (insomnia group: 81 subjects) participants were collected after 1, 3, 7, 14, and 60 days of exposure, respectively. On the first day of altitude exposure, five subjects were excluded from the study because of severe headache. Some participants missed the measurements because of work, and some participants left the camp and went down to the plains, which were the main reasons for the reduction of the number of data points in the present study. Additionally, one subject developed high-altitude pulmonary edema during the first night at high altitude and was excluded from the present study. Therefore, we analyzed data obtained from the remaining 386 subjects. The participants ranged from 17 to 45 years of age (25% 20 years, 45% 21-25 years, 24% 26-30 years, and 6% 31-45 years).
sleep quality
On the first night of altitude exposure, the AISSs markedly increased when compared to those observed before ascent in each group, and gradually subsided during further exposure ( Figure 1A ). The decrease of AISSs in the non-insomnia group was more obvious. After 1 week of high-altitude stay, the AISSs in each group were still higher than they were before ascent, and this difference reached significance in the noninsomnia group. Similarly, in the first days of altitude exposure, the prevalence of insomnia in the non-insomnia group was significantly higher than it was before ascent ( Figure 1B ). After 2 months of acclimatization at 3,700 m, the prevalence of insomnia in the non-insomnia group had decreased to a very low level (4.26%). Notably, there were few subjects with an AISS =6 in the insomnia group who did not meet the AIS criterion for insomnia after arrival at high altitude, and the prevalence of insomnia in the insomnia group was stable at a high level ( Figure 1B ), even after 2 months of acclimatization at 3,700 m. These data show that sleep quality altered more markedly, and improved more quickly, among non-insomniacs than among insomniacs after altitude exposure. 
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Tang et al Figure 2 shows the prevalence of symptoms of insomnia (AIS items) in the insomnia group and the non-insomnia group before and after high-altitude exposure. On the first night of altitude exposure, the prevalence of insomnia symptoms among the non-insomniacs sharply increased when compared to those observed before ascent. The most common symptom of insomnia in the non-insomnia group was arousal during the night, followed by difficulty in sleep induction and daytime sleepiness. After 2 months of high-altitude stay, the prevalences of insomnia symptoms decreased markedly from day 1 to day 60 at 3,700 m in the non-insomnia group, but were still significantly higher than they were before ascent. However, relatively small changes in the prevalence of insomnia symptoms in the insomnia group were observed. This may indicate that sleep quality improves more markedly in people with non-insomnia than in people with insomnia.
aMs Figure 3 shows the LLSs and prevalence of AMS among the insomniacs and non-insomniacs after altitude exposure at 3,700 m. In both groups, the LLSs reached the highest values after 1 day of 3,700 m exposure and then dropped markedly on the third and seventh days. Furthermore, the LLSs in the non-insomnia group were significantly lower than those in the insomnia group at different observation time points ( Figure 3A) .
The AMS prevalence in the insomnia group decreased sharply, from 79.01% to 60.49%, on the third day and further decreased to 32.10% on the seventh day ( Figure 3B ). The same tendency was observed in the non-insomnia group, with the decrease of AMS prevalence in the non-insomnia group greater than that in the insomnia group. Moreover, the prevalence of AMS in the insomnia group was significantly higher than that in the non-insomnia group. Additionally, the prevalence of AMS in the whole group was 60.88%, 34.20%, and 16.84% on the first, third, and seventh days, respectively. Figure 4 shows the prevalence of AMS symptoms among the insomniacs and non-insomniacs at 3,700 m. In the whole group, on the first day of altitude exposure, the most common symptom of AMS was headache (72.28%), followed by dizziness/lightheadedness (70.47%), weakness/fatigue (69.69%), insomnia (62.95%), and, rarely, gastrointestinal symptoms (19.17%).
In the insomnia group, the prevalence of AMS symptoms reached the highest level on the first day of altitude exposure and then decreased, remaining significantly higher than those in the non-insomnia group at any observation time. Notably, relatively little change in the prevalence of insomnia was observed in the insomnia group; by comparison, the change in the prevalence of insomnia was more marked in the noninsomnia group. Additionally, with an increasing duration of altitude exposure, insomnia, as measured by the Lake Louise scoring system, became the most prominent symptom and was ahead of the other symptoms in both groups by the third day at 3,700 m (Figure 4 ).
Physiological parameters
The changes in physiological parameters are shown in Table 2 . The HR in both the insomnia and non-insomnia 
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Tang et al groups was elevated initially, then decreased with the duration of altitude exposure, but remained significantly higher compared to the level observed before ascent, even after 2 months of high-altitude stay. Furthermore, the HR in the insomnia group was significantly higher than that of the noninsomnia group on the first and third days at high altitude. On the contrary, the SaO 2 in the insomnia group was slightly lower than in the non-insomnia group at high altitude.
correlational analysis
To look for the risk factors for AMS, we first did the correlation analysis between LLSs and other factors. The results showed that age, HR, and AISSs were positively correlated with the LLSs (ρ=0.096, P0.05; ρ=0.092, P0.01; and ρ=0.618, P0.001, respectively), whereas the SaO 2 and duration of altitude exposure were negatively correlated with the LLSs (ρ=-0.155, P0.01 and ρ=-0.332, P0.001, respectively). Note that there may be a spurious correlation between LLSs and AISSs, since the Lake Louise scoring system includes insomnia. Therefore, a statistical analysis of the correlation between LLSs and AISSs was carried out again, with the exclusion of the insomnia item from the Lake Louise scoring system. Our results showed that LLSs were still significantly and positively correlated with AISSs (ρ=0.552, P0.001). In addition, the AISSs before ascent were positively associated with the AISSs after altitude exposure (ρ=0.343, P0.001).
logistic regression analysis
The results of a univariate logistic regression analysis showed that AMS was significantly positively associated with AISSs. In addition, AMS was significantly negatively associated with SaO 2 and duration of altitude exposure (data not shown).
A multivariate logistic regression analysis that considered SaO 2 , duration of altitude exposure, and AISSs showed that all the parameters were significantly associated with AMS (Table 3) .
Discussion
To date, our study, focusing on both insomniacs and noninsomniacs, is the first large-scale epidemiological investigation of the effects of acute altitude exposure on subjective sleep quality using the standardized AIS. The primary findings of our longitudinal study were that the sleep quality of insomniacs evaluated before ascent was slightly aggravated in the first days of altitude exposure, then displayed little change with the duration of altitude stay. However, the sleep quality of non-insomniacs was sharply aggravated after altitude exposure, then showed a continuously progressive improvement with the duration of altitude stay. Furthermore, high AISSs were a risk factor for AMS, whereas high SaO 2 and long duration of altitude exposure were protective factors against AMS.
In the present study, approximately 600 participants were recruited. At 500 m, the prevalence of subjective insomnia in the entire group was 20.98% when evaluated using the AIS, which is within the reported range (2%-23%) for Chinese populations. 16, 17 At 3,700 m, the prevalence of subjective insomnia in the non-insomnia group on the first, third, seventh, 14th, 
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sleep of insomniacs and non-insomniacs at 3,700 m and 60th nights was 32.13%, 24.92%, 18.03%, 13.77%, and 4.26%, respectively, according to the AIS ( Figure 1B) . Obviously, the rates in our study were lower than that reported by Szymczak et al (47%, confirmed by the AIS), 18 which may be partly due to the higher altitude (mean altitude 4,524 m) reached by the subjects in Szymczak et al's study. Studies 9, 18, 19 have suggested that altitude hypoxia is a primary factor for the acute impairment of sleep upon altitude exposure. Thus, oxygen enrichment 20 and altitude acclimatization 9, 21 improve sleep quality at high altitude, but only partially. Therefore, the change in the prevalence of subjective insomnia in the non-insomnia group in the 
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Tang et al present study is supported by the literature. Remarkably, very few subjects with an AISS =6 before ascent in the insomnia group did not meet the AIS criterion for insomnia after arrival at high altitude, and the prevalence of subjective insomnia in this group remained at a high level (over 90%) ( Figure 1 ). This suggests that, for a small proportion of people, especially those with an AISS =6 before ascent, altitude exposure does not impair sleep quality. Additionally, because of the preexisting chronic sleep problems, the prevalence of subjective insomnia in an insomnia group is unlikely to fall as much as in the non-insomnia group with the duration of altitude exposure. Notably, according to the Lake Louise AMS scoring system, subjective insomnia was the fourth most common symptom (62.95%) in the entire group on the first day at 3,700 m. However, it gradually became the most frequent symptom during the prolonged high-altitude stay in both the insomnia and non-insomnia groups (Figure 4) . Remarkably, the prevalence of subjective insomnia (confirmed by the Lake Louise scoring system) in the insomnia group was consistently higher than in the non-insomnia group, but the decrease of subjective insomnia prevalence in the insomnia group was less than that in the non-insomnia group with the duration of high-altitude stay ( Figure 4C ). Furthermore, our data showed that high AISSs were a risk factor for AMS, as confirmed by a multivariate logistic regression analysis. These results reveal that the subjects with poor subjective sleep quality were more susceptible to AMS compared to those subjects with good subjective sleep quality.
After acute altitude exposure, all symptoms of subjective insomnia (AIS items) initially increased in both groups and decreased thereafter (Figure 2 ). Because this acute insomnia is mainly caused by hypoxia, 9, 18, 19 the symptoms of subjective insomnia improved with acclimatization duration and were accompanied by an increase in SaO 2 . Moreover, the prevalences of subjective insomnia symptoms decreased more markedly from day 1 to day 60 at 3,700 m in the noninsomnia group than in the insomnia group. This may indicate that subjective sleep quality is affected by altitude hypoxia more markedly in non-insomniacs than in insomniacs.
Sleep fragmentation might be the primary factor for poor sleep at high altitude, 22 which results in a sharply increased number of arousals among subjects. In our study, subjective arousals during the first night at 3,700 m were common in both groups ( Figure 2B ), which was consistent with the findings of Szymczak et al. 18 Interestingly, after 2 months' stay at 3,700 m, the prevalence of subjective nocturnal arousals in the insomnia group returned to almost the level before ascent, whereas that in the non-insomnia group did not. One possible reason may be that the prevalence of subjective arousals in the insomnia group consistently remained at a high level before ascent so that it was relatively easy for arousal prevalence to decrease after a slight increase.
Difficulty in sleep induction after altitude exposure was the second most frequent subjective insomnia symptom observed in the present study (Figure 2A) , which was consistent with the findings of Szymczak et al's study 18 conducted with the AIS. 
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sleep of insomniacs and non-insomniacs at 3,700 m
In the present study, we observed a markedly increased prevalence of subjectively shortened total sleep duration in the non-insomnia group ( Figure 2D ). However, in Szymczak et al's study conducted using the AIS, 18 the subjective total sleep duration of the subjects showed only a decreasing trend, partly because of the research setting and small sample (32 participants).
The prevalence of AMS has been shown in the literature to vary depending on the setting, from between 9% and 69% in the Alps 23 to between 45% and 95% in Tibet. 24 In our study, at 3,700 m, the prevalence of AMS in the insomnia group was 79.01%, 60.49%, and 32.10% on the first, third, and seventh days, respectively, which was significantly higher compared to prevalence in the non-insomnia group. With a longer duration of exposure, the prevalence of AMS decreased in both groups; however, the decrease of AMS prevalence in the non-insomnia group was greater than that in the insomnia group. One reason for this was the relatively higher SaO 2 in the non-insomnia group; another may be the poor subjective sleep quality in the insomnia group. Our data showed that the prevalences of AMS symptoms in the insomnia group were significantly higher than those in the non-insomnia group (Figure 4) , which directly resulted in the higher LLS in the former. Furthermore, elevated AISS were positively correlated with AMS.
Supported by previous study, 25 our data revealed that the HR in both the insomnia and non-insomnia groups markedly increased on the first day at 3,700 m and subsided from the third day of high-altitude stay, but remained higher than the values obtained before ascent, even after 2 months of acclimatization. Compared to the non-insomnia group, significantly higher HR in the insomnia group may indicate that the degree of hypoxia in the insomnia group was more serious, which may be one reason for the higher prevalence of AMS in the insomnia group. The converse change in SaO 2 was observed in both groups (Table 2) .
High SaO 2 and long duration of altitude exposure were protective factors against AMS in the present study (Table 3) . Our SaO 2 results are consistent with those of Wu et al 7 but contrary to those of Chen et al. 26 The ascent rate may have accounted for this discrepancy.
One of the main strengths of our study is that it was longitudinal in design. The other strengths are the relatively large sample size and the same altitude, ascent rate, and daily regimen. However, the present study has some limitations. First, all of the participants in the present study were young adult men, which may generate a bias of age or sex. Second, the dropout rate of the entire group was relatively high, reaching almost 25% and 36% on the last 2 days of observations, respectively. These limitations can be improved in future studies.
Conclusion
Our results suggest that the effect of high-altitude exposure on subjective sleep quality is more marked, but disappears more quickly, among non-insomniacs than among insomniacs, whereas AMS is especially common among the latter. Moreover, poor subjective sleep quality is a risk factor for AMS.
